We explore a hidden possibility of BRST approach to higher spin field theory to obtain a consistent Lagrangian for massive spin-3 2 field in Einstein space. Also, we prove that in the space under consideration the propagation of spin-3 2 field is hyperbolic and causal.
Q. The equations of motion and gauge transformations are written in the form Q|Ψ s = 0 and δ|Ψ s = Q|Λ s respectively, with the BRST operator Q being the same for all spins. Nilpotency of the BRST operator provides us the gauge transformations and fields |Ψ s and |Ψ s + Q|Λ s are both physical. Since we consider all spins simultaneously, then from Q 2 |Λ s = 0 follows Q 2 = 0. But if we want to construct Lagrangian for the field with a given value s of spin, then it is sufficient to require a weaker condition that the BRST operator for given spin Q s is not nilpotent in operator sense but will be nilpotent only on the specific Fock vector parameter |Λ s corresponding to a given spin s, Q 2 s |Λ s = 0 only and Q 2 s = 0 on states of general form. Just this point allows us to construct Lagrangian for spin- 3 2 field in Einstein space 2 . We begin with pointing out that there exist the consistent equations of motion for spin- 3 2 field in a space-time different from AdS. It is well known that spin- 3 2 field ψ µ (the Dirac index is suppressed) will describe the irreducible massive representation of the Poincare group if the following conditions are satisfied
with {γ µ , γ ν } = −2g µν . When we put these equations on an arbitrary curved spacetime we see that if we do not include the terms with the inverse powers of the mass then there is no freedom to add any terms with the curvature and it unambiguously follows that in curved space equations (1) take the form
Let us find what spaces do not give supplementary equations in addition to (2) . For this purpose we take the divergence of the mass-shell equation and suppose that equations on ψ µ (2) are satisfied
where
Extracting from γ ν γ αβ totally antisymmetric part γ ναβ = 1/6(γ ν γ α γ β ± . . .)
and substituting into (3) one gets
From (5) we see that if the traceless part of the Ricci tensor is zero R µν − 1 d g µν R = 0 then equations (2) are compatible with each other. Next from R µν = 1 d g µν R follows that R = const, while the Weyl tensor C µαβν remains arbitrary. That is equations (2) are compatible with each other in the Einstein space. In the further part of the paper we construct Lagrangian for spin- 3 2 field in such space using the new aspect of BRST approach elaborated in [6] .
First of all we note that in the Einstein spaces the equations of motion (2) can be modified in such way that a parameter with dimension of length appears in the equations. In this case it is reasonable to construct the Lagrangian leading to mass-shell equations, formally coinciding with equations which define the irreducible representations of the AdS group [11] . Thus the mass-shell 2 An Einstein space is defined by the relation R µν = const · g µν with Weyl tensor be arbitrary (see e.g. [12] ). 3 Our definition of the curvature tensor is R
equations which are expected to be resulted from the Lagrangian (up to gauge fixing) should have the form
where r is defined from R µναβ = r(g µβ g να − g µα g νβ ) + C µναβ , i.e. R = −rd(d − 1). Now we introduce auxiliary Fock space generated by fermionic 4 creation and annihilation operators a + a , a a satisfying the anticommutation relations
Our further consideration is very close to [5] , therefore we will omit some details of the calculations. As usual the tangent space indices and the curved space indices are converted one into another with the help of vielbein e a µ which is assumed to satisfy the relation ∇ ν e a µ = 0. Then in addition to the conventional gamma-matrices
we introduce a set of d + 1 Grassmann odd objects [3] [4] [5] which obey the following gamma-matrix-like conditions
and connected with the "true" (Grassmann even) gamma-matrices by the relation
After this we define derivative operator
which acts on an arbitrary state vector in the Fock space
as the covariant derivative
As a result equations (6) can be realized in the operator form
Lagrangian construction within the BRST approach [1] [2] [3] [4] [5] [6] demands that we must have at hand a set of operators which is invariant under Hermitian conjugation and which forms an algebra [1] [2] [3] [4] [5] [6] . 4 Of course, in the case under consideration, we could also use bosonic creation and annihilation operators, but use of fermionic ones is simpler, cf. [5] and [4] . 5 We assume that ∂ µ a
In order to determine the Hermitian conjugation properties of the constraints we define the following scalar product
As a result we see that constraint t 0 is Hermitian and the two other are non-Hermitian
Thus set of operators t 0 , t 1 , t
is invariant under Hermitian conjugation. Then for constructing the BRST operators the underlying set of operators must form an algebra. Note that the nilpotency condition of the BRST operators is needed for existing of gauge symmetry. As it is known if we consider half-odd spin-s field and decompose the gauge parameter |Λ n (s = n + 1/2) in series of creation operators, then maximal tensorial rank of gauge parameters [3] [4] [5] ). Therefore if we want to construct Lagrangian for a particular half-odd spin-s field it is enough that this set of operators forms algebra only on states |λ k with k < s − 1/2. Now in order to an algebra we add to the set of operators all the operators generated by the (anti)commutators of t 0 , t 1 , l 1 , t
, but unlike the case of arbitrary spin [3] [4] [5] the algebra must be closed on states |λ 0 = λ(x)|0 only. Doing similar considerations as in [6] we arrive to the conclusion that there should be added the following three operators
is invariant under Hermitian conjugation and forms an algebra on states |λ 0 in the Einstein space. Note that the form of the algebra coincides with those obtined in [5] , therefore we borrow from there all the results needed for construction of Lagrangian for spin- 3 2 field in the space under consideration. First, since the algebra contains operators g 0 and g m which are not constraints neither in the bra-nor in the ket-vector space then we should construct new expressions o i → O i for the operators of the algebra, so that the operators which are not constraints don't give supplementary equations on the physical field and form an algebra. We borrow the result for these new expressions for the operators from [5] 
where in case of spin- 6 We assume that (
Also expressions (20)- (24) contain arbitrary (nonzero) constant m 1 with dimension of mass. Its value remains arbitrary and it can be expressed from the other parameters of the theory m 1 = f (m, r) = 0. The arbitrariness of this parameter does not influence on the reproducing of the equations of motion for the physical field (6) . Note that the new expressions for the operators do not obey the usual properties
if one uses the standard rules of Hermitian conjugation for the new creation and annihilation operators
To restore the proper Hermitian conjugation properties for the additional parts we change the scalar product in the Fock space generated by the new creation and annihilation operators as follows:
for any vectors |Ψ 1 , |Ψ 2 with some operator K. Since the problem with the proper Hermitian conjugation of the operators is only in (b + , f + )-sector of the Fock space, the modification of the scalar product takes place only in this sector. Therefore operator K acts as a unit operator in the entire Fock space, but for the (b + , f + )-sector where the operator has the form
Next step is constructing the BRST operator on the base of algebra generated by (20)- (24). Its explicit form can be found in [5] . Then using the found BRST operator one constructs (up to an overall factor) Lagrangian and gauge transformation for spin- 3 2 field in the Einstein space (the details can be found in e.g. [4, 5] )
and
Here
and possess the standard ghost number distribution gh(C i ) = −gh(P i ) = 1 and act on the vacuum state as follows (q 1 , p 1 , η 1 , P 1 )|0 = 0.
Substituting (36), into (32), we find the action (up to an overall factor) for a spin- 3 2 field in the Einstein spacetime in the component form
Substituting (36), (37) into (33), we find the gauge transformations in the component form
Beginning with the Lagrangian (40) we can obtain the other Lagrangians for spin- 3 2 field containing less number of involved fields. Let us present the action in terms of one basic field ψ µ . To this end, we get rid of the fields ϕ, ψ, by using their gauge transformations and the gauge parameters λ, λ 1 , respectively. Having expressed the field χ, using the equation of motion χ = iγ µ ψ µ , we see that the terms with the Lagrangian multiplier χ 1 disappear. As a result, we obtain
Thus we have obtained the Lagrangian for massive spin- 
Our next aim is discussing the problem of causality for massive spin- field with Lagrangian (43) in Einstein space. Consideration is based on the Velo and Zwanziger method [8] reformulated for the theories in curved spacetime.
We begin with a brief outline of the method. If one has a system of the first order differential equations for a set of fields ϕ
then to verify that the system (45) describes hyperbolic propagation one should check that all solu-
are real for any given real set of n i . The hyperbolic system is called causal if there are no timelike vectors among solutions n µ of (46). In many physical cases (including spin- 3 2 field) equation (46) fulfills identically. In this case one should replace the initial system of equations by another equivalent system of equations supplemented by constraints at a given initial time. Then the above analysis should be applied to this new system.
Let us turn to our spin- 3 2 field described by Lagrangian (43). The equations of motion are
If we consider equation (46) for equations (47) then we find that it fulfills identically. Therefore one should replace equations (47) by another equivalent system of equations with constraints on initial data. It can be done by the same method as in [8] and we will not repeat all the steps and proofs.
The system of equations equivalent to (47) is
and it is supplemented by constraints 7 at an initial time (say t = 0)
Thus, like in the flat case, the equations for spin- 3 2 field (47), following from Lagrangian (43), are hyperbolic and causal for the background under consideration.
To conclude, we have shown that the BRST approach to higher spin field theories yields consistent Lagrangian construction for spin- 3 2 field in general Einstein space. As usual in the BRST approach, massive spin- 3 2 Lagrangian is obtained in gauge invariant form with suitable Stückelberg auxiliary fields. Analysis has been based on some hidden aspect of the BRST-BFV construction which was explored in context of higher spin filed theory in [6] . We saw that the BRST approach perfectly works if one requires that the BRST operator Q s is nilpotent in weak sense, i.e. Q 2 s |Λ s = 0 for some spin s, where |Λ s is a Fock space valued gauge parameter. One can show that above condition is realized only for exceptional spins s = 1, 3 2 , 2. The cases s = 1, 2 have been considered in [6] . Here we have studied the last exceptional case s = . Also we have proved that in Einstein space the spin- 3 2 field propagation is hyperbolic and causal. As we know such proof was known before only for the constant curvature space.
